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Transverse reinforcementAbstract Due to the rapid development in design of multistory buildings and, because of the var-
iation in stories height with the ﬁxed length of the steel reinforcing bars, steel is usually wasted par-
ticularly in columns. Hence, compression lap splice may be used within the column height in order
to avoid such waste in steel reinforcement which necessitates the optimization of this splice length.
In the ACI 318-11 Provisions, the calculated compression lap splice in members with high
strength concrete can be longer than tension splice. Hence, an optimization of compression lap
splice would contribute to signiﬁcant saving particularly in columns. This paper presents an exper-
imental study to investigate the behavior of compression lap splice in circular reinforced concrete
columns.
The objective of the present investigation is to study the inﬂuence of splice length, volume of
transverse reinforcement and end bearing condition on the behavior of compression lap splice.
The conducted investigation included experimental tests of nine circular columns under uniaxial
compression loads. All spliced bars were in contact with each other and with constant concrete
cover. Based on the experimental investigation and test results, concluding remarks have been
drawn, based on which a design simpliﬁed equation for splice length in compression has been devel-
oped. A correlation between the experimental and calculated results of the author specimens and
other results available in literature, showed a good agreement. Also, the formulas adapted by dif-
ferent codes for predicting the compression lap splice length have been checked with the proposed
equation.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Housing and Building National Research
Center. This is an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).Introduction
Experimental and analytical studies have been carried out in
order to investigate the behavior of compression lap splice
for high strength concrete, HSC, and normal strength con-
crete, NSC, rectangular columns. Based on the ACI318-11
[1] provisions, a calculated compression lap splice may be
longer than a tension lap splice. This may be attributed to
Nomenclature
Atr area of transverse reinforcement within spacing Str
C the smallest of the minimum concrete cover and
half spacing between bars
db nominal diameter of spliced bar
f0c compressive strength of concrete
fy yield strength of spliced reinforced bar
Ktr transverse reinforcement index of ACI 308-08
[=(40Atr)/(strn)]
Lsc compression splice length
n number of spliced bars
d 1 if transverse reinforcement is placed at ends or 0
if not
Wsc factor used to modify splice length in compression
based on transverse reinforcement
fsc,p measured compression splice strength
fsc measured bar stress developed by end bearing
fys yield strength of transverse reinforcement
a correction coefﬁcient depending on the bar end
condition
b correction coefﬁcient depending on bar surface
condition
cs correction coefﬁcient for steel yield stress
fbu the ultimate concrete bond stress
S spacing of transverse reinforcements
X constant dealing with the effect of stirrups
138 H.S. Askarthe fact that the provisions for compression splices do not
properly consider the effect of transverse reinforcement, com-
pressive strength of concrete and end bearing, but it depends
on the applied steel yield strength (fy) and bar diameter. Test
results showed that the end bearing has been improved by
the provision of transverse reinforcement exclusively at the
end of the splice. The bar stresses developed by bond were
nearly identical to those calculated by the equation of Orangun
et al. [2]. Therefore, the strength increase in the compression
splice was attributed solely to the end bearing.
From regression analysis of the data available in literature,
two equations were developed with ð ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃLSC=dbp Þ and (Lsc/db) to
predict the splice strength, where Lsc and db are the splice
length and spliced bar diameter, respectively.
The proposed equations provide shorter splice length than
that in tension and there was no signiﬁcant difference between
the lengths calculated by the two equations. Hence, a simpli-
ﬁed equation with the term (fsc;p=
ﬃﬃﬃﬃ
f 0c
p
) is proposed to predict
the compression splice length within the tested range, where
fsc,p is the measured compression splice strength and f
0
c is the
compressive strength of concrete.Literature review
The ACI 318-11 [1] adopts the following equation for splice
length;
Lsc;ACI ¼ 0:071fydb fy 6 420 MPa
Lsc;ACI ¼ ð0:13fy  24Þdb fy > 420 MPa
ð1Þ
The CEB-FIB [3] adopts the following equation for splice
length;
Lsc;fib ¼ fydb
1:45ðf 0c Þ2=3
f 0c 6 50 MPa
Lsc;fib ¼ fydb
5:15ðf 0c Þ1=3
f 0c > 50 MPa
ð2Þ
The ECCS 203 [4] adopts the following equation for pre-
dicting the splice length for both tension and compression
splices.
LscECCS ¼
a  b  ðfy=csÞ  db
4fbu
ð3Þwhere a is correction coefﬁcient which depends on the bar end
condition, b is correction coefﬁcient which depends on bar sur-
face condition, cs is correction coefﬁcient for steel yield stress
and fbu is the ultimate concrete bond stress.
For the unconﬁned concrete columns of 40 and 60 MPa
Chun et al. [5] proposed Eq. (4) for predicting the splice length
in compression.
Lsc
db
¼ fy
0:8
ﬃﬃﬃﬃ
f 0c
p  16:4
" #2,
123 6 0:071fy ðMPaÞ ð4Þ
Based on the analysis of experimental results of specimens
reevaluated by Carins [6], the following Eq. (5) was obtained
to evaluate the compression splice length. Eq. (5) results were
compared with the experimental results which showed a good
agreement.
fsc;c ¼ 1:4Lsc=db þ 29:4þ 0:32 AtrfysLsc=Strd2bn
   ﬃﬃﬃﬃ
f 0c
q
ð5Þ
where fsc,c is the splice strength, Str is the spacing of transverse
reinforcement, n is the number of bars being spliced along
plane of splitting, for Atrfys=Strd
2
b 6 6 MPa and fys is the yield
strength of transverse reinforcement.
The contribution of transverse reinforcement to splice
strength is f0:32½AtrfysLsc=Strd2bng. The separate inﬂuence of
end bearing and bond cannot be recognized in Eq. (5).
For specimens with concrete strength 40–60 MPa, a regres-
sion analysis was carried out by Chun et al. [7,8] for the results
of 21 specimens with rectangular sections that failed in split-
ting, which contributed to the development of Eq. (6) for pre-
dicting the mean strength of compression splice. The splice
strength predicted by Eq. (6) was compared with the test
results of specimens available in literature. The equation
showed an accurate prediction of the splice strength
fsc;p ¼ ð11:1þ 1:5Ktr=dbÞ
ﬃﬃﬃﬃﬃﬃ
Lsc
db
r
þ 16:4þ 1:8d
  ﬃﬃﬃﬃ
f 0c
q
ðMPaÞ
ð6Þ
where Ktr ¼ 40Atrstrn ; (16.4 + 1.8d) indicates the contribution of
end bearing strength, d= 1 (in case of transverse reinforce-
ment at end of bar), d= 0 (in case of no transverse reinforce-
ment at end of bar).
Figure 2 Specimen A1, A3.
An experimental investigation on contact compression lap splice 139Based on Eq. (6), the following Eq. (7) has been adopted for
calculating the splice length, and then the simpliﬁed Eqs. (8)
and (9) have been proposed [9].
Lsc
db
¼
fy
:82
ﬃﬃﬃ
f 0c
p  16:4 1:8d
11:1þ 1:5Ktr=db
0
B@
1
CA
2
ð7Þ
Lsc
db
	 

simplified
¼ :0075 f
2
y
f 0c ð1þ :134Ktr=dbÞ2
ð8Þ
Lsc
db
	 

final
¼ :008Wcomp
f2y
f 0c
Wcomp ¼ 1ð1þ :134Ktr=dbÞ2
ð9Þ
where
Lsc
db
6 :071 fy for ðfy 6 420 MPaÞ
Lsc
db
6 :13fy  24 for ðfy < 420 MPaÞ
For specimens with concrete strength 80–100 MPa, Chun
et al. [10] proposed the experimental Eqs. (10) and (11) from
which the simpliﬁed Eq. (12) has been drawn.
fsc;p ¼ ð11:1þ 1:7Ktr=dbÞ
ﬃﬃﬃﬃﬃﬃ
Lsc
db
r
þ 16:5þ 1:7d
  ﬃﬃﬃﬃ
f 0c
q
ð10Þ
Lsc
db
¼
fy
:82
ﬃﬃﬃ
f 0c
p  16:5 1:7d
11:1þ 1:7Ktr=db
0
B@
1
CA
2
ð11Þ
Lsc
db
6 :071fy For ðfy6 420MPaÞ;
Lsc
db
6 0:13fy24 For ðfy > 420MPaÞ
Lsc
db
	 

final
¼ :008 fy
Wsc
ﬃﬃﬃﬃ
f 0c
p  21:7 where Wsc ¼ 1þ 0:11Ktr=db
ð12Þ
Quintana et al. [11] investigated the inﬂuence of the dis-
tance between the spliced bars on the behavior of lap splice.
Based on experimental tests of two columns, it was observed
that the distance between the spliced bars shows a minor inﬂu-
ence on the mean bond stresses of the splice.Figure 1 TesteCompression lap splice strength
The compression lap splice strength is a combination of the
effect of bond and end bearing strength. If the bond capacity
is assumed to be governed by a splitting failure of concrete
around the bar, the tensile strength of the concrete signiﬁcantly
affects the bond capacity. Therefore, the bond contribution in
compression splices may be less than in tension splices.
An expression for the average bond stresses of unconﬁned
specimens was adopted by Orangum et al. [2] to suggest the
developed bond stresses in the spliced bar, (fb).
fb ¼ 0:4þ
c
db
	 

Lsc
db
þ 16:6
  ﬃﬃﬃﬃ
f 0c
q
MPa ð13Þ
where c is the smaller of the minimum concrete cover and half
spacing between bars.
The stresses developed by end bearing were found to be
unrelated to Ktr and can be improved by transverse reinforce-
ment placed at the ends only. It was found that placing the
transverse reinforcement at the ends exclusively enhanced the
end bearing strength by 1:8
ﬃﬃﬃﬃ
f 0c
p
MPa [9].d columns.
140 H.S. AskarResearch signiﬁcance
In the current literature, there are only few experimental stud-
ies which address the effects of transverse reinforcement, the
end bearing and splice length in circular columns. In the pres-
ent experimental investigation, circular columns are tested and
examined for the purpose of developing a design experimental
equation for compression lap splice in circular columns. The
equation is developed based on regression analysis of the test
results; then, the equation is modiﬁed for a generalized appli-
cation for calculating the splice length.
Experimental program
The experimental program consisted of testing nine circular
short columns of diameter 200 mm under concentric compres-1000 mm
100
10d =200 mm
A 1
100 100 400 100 100 100
1000 mm
100
10d =200 mm
100 100 100 100 100 100 100 100 100
1000 mm
100
10d =200 mm
100 100 100 100 100 100 100 100 100
A 3
A 5
1000 mm
100
20d =400 mm
100 100 200 100 100 100200
1000 mm
100
30d =600 mm
100 100 100200200200
A 7
A 9
Figure 3 Details of tested cosion load. The variables adopted in this investigation are the
splice length, area of transverse reinforcements, concrete com-
pression strength and the bar end bearing condition. The splice
lengths were designed to be 10db, 20db and 30db. All the spec-
imens were reinforced with four rods and only one bar diam-
eter (20 mm) was utilized for all columns as shown in Fig. 1.
The measured yield stress, ultimate stress and modulus of elas-
ticity for vertical bars were 408 MPa, 612 MPa and
206,000 MPa, respectively. All the used stirrups had a 6 mm
diameter with yield stress, ultimate stress and modulus of elas-
ticity 244 MPa, 365 MPa and 213,000 MPa, respectively. Two
columns without transverse reinforcement at the splice region
were tested to ﬁnd out the effect of un-conﬁnement condition.
For all tested columns except (A1), stirrups were located at the
ends of the splice. The effect of bar end bearing also has been
investigated for specimens (A1, A3) by attaching a compress-
ible material at the ends of the bars before casting bases as1000 mm
100
10d =200 mm
100 100 100 200 100 100 100 100
A 2
1000 mm
100
10d =200 mm
100 100 100 100 100 100 100 100 100
A 4
1000 mm
100
20d =400 mm
100 100 100 100 100 100 100 100 100
1000 mm
100
30d =600 mm
100 100 100120 120 120 120 120
A 6
A 8
lumns (dimension in mm).
Figure 5 Typical specimen details.
Table 1 Tested specimens speciﬁcations and test results.
Specimen Lsc/db Transverse
reinforcement
End
bearing
Concrete
strength f0c (MPa)
Failure
load (kN)
Failure
modea
Splice
strength (MPa)
Bond
strength (MPa)
End bearing
strength (MPa)
A1 10 No 80 500 S.F 349 349 –
A2 10 1 u 6/200 mm Yes 46 600 S.F 369 269 100
A3 10 1 u 6/100 mm No 80 900 S.F 372 372 –
A4 10 1 u 6/100 mm Yes 46 900 S.F 389 284 105
A5 10 1 u 6/100 mm Yes 80 950 E.F 375 102 273
A6 20 1 u 6/100 mm Yes 67 650 E.F 286 121 165
A7 20 1 u 6/200 mm Yes 46 750 E.F 306 110 196
A8 30 1 u 6/120 mm Yes 67 1180 C.F 231 44 187
A9 30 1 u 6/200 mm Yes 80 750 E.F 244 46 198
a S.F is splitting failure; E.F is premature failure due to end failure; C.F is compression failure.
An experimental investigation on contact compression lap splice 141shown in Fig. 2. The stirrups were distributed along the tested
column in a constant spacing varying between (100 mm and
200 mm) as shown in Fig. 3. For all specimens a group of
closed stirrups were placed at the ends of columns to have a
concrete conﬁnement to avoid failure in these regions due to
stress concentration. The speciﬁcations of tested columns are
summarized in Table 1 and the details of reinforcements are
shown in Fig. 3.
Specimen speciﬁcation
All the tested columns were tied column of the same circular
cross section with (200 mm) diameter and clear height
(1100 mm). The specimens were reinforced with four bars
(20 mm) diameter spliced at the middle region of column
height. The concrete cover has not been considered as a
parameter to be investigated, so it was taken a constant value
0.1d (20 mm) for all tested columns. The spliced reinforcing
bars were in contact with each other within the splice range.
To avoid local failure at the column ends, steel bearing plates
with a thickness of 16 mm and diameter of 210 mm were
welded to circular rings with (100 mm) height and (6 mm)
thickness forming a rigid steel cap. These caps were tightly
connected at both ends of the specimen by using Epoxy paste
to assure a full conﬁnement with concrete. The reinforcing barsSpecimen
Oil jack
Figure 4 Testing frame.ends were in full contact with these steel caps to ensure that the
applied loads were directly transferred to the spliced steel bars.
The specimens were cast vertically by using U.P.V.C tubes
with (200 mm) inner diameter. Distance between the end of
the spliced bars and the specimen ends was 10db, 15db and
20db. It was enough to avoid any effect for the ends conﬁne-
ment on the splice behavior.
Test set up and instrumentation
The specimens were concentrically loaded using hydraulic jack
with a capacity of 2000 kN and a steel frame as shown in
Fig. 4. The load was applied during test at an incremental rate
of 50 kN per cycle up to failure. To ﬁnd the end bearing effect
and the steel bars strain, four electrical resistance strain gauges
with 10 mm length were attached to the bars in four locations.
Three strain gauges were placed on longitudinal reinforcement
and one on the mid height stirrup as shown in Fig. 5. The
strains were measured and recorded by using strain meter
equipment as shown in Fig. 6.
Test results
Specimens mode of failure
The mode of failure for all the tested specimens with Lsc/
db = 10 was almost the same. The column failed explosively
Figure 6 Typical failure mode of a tested specimen.
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Figure 7 Relationship between splice strength and length for
tested columns.
142 H.S. Askarin a brittle and sudden manner, the concrete cover spelled and
failure was associated with vertical cracks.
The presence of transverse reinforcement has an effect on
the failure mode of specimens. Also the variation in concrete
compression strength did not affect signiﬁcantly the failure
mode of specimens. The failure of most specimens was splitting
failure, which means that the concrete cover spilled and
straight forward the specimen failed due to transversally burst-
ing force exerted by bond and end bearing. Also some speci-
mens failed in splitting and compression failure mode due to
loss of yielding in compression. The failure of specimens with
Ls/db > 10 occurred away from the splice region. Typical fail-
ure pattern of a tested specimen is shown in Fig. 6.
Strains in spliced bars
The relationship between the applied loads and measured
strains of spliced bars and stirrups is shown in Fig. 10 for each
load cycle. The normal stresses of the vertical bars were calcu-
lated based on the measured strains and the stress–strain curve
of the bar. For any load cycle the bar strain in the splice zone
increased as the instrumented point moved away from the bar
end. Also, it could be seen that the end of the bars showed a
minor increase of the measured strains compared with other
points of the bar particularly for specimens A1and A3, in which
the effect of the end bearing was counteracted.Table 2 Experimental and calculated splice strength.
Specimens Experimental values
Splice
strength (MPa)
Bond
strength (MPa)
End bearing
strength (M
A1 349 349 –
A2 369 269 100
A3 372 372 –
A4 389 284 105Splice strength
The splice strength is the stress of the spliced bars determined
using the measured strains on applied gauges at peak load on
the basis of the stress–strain relationship of bars. The speciﬁca-
tion of tested specimens, concrete compression strength, failure
mode and splice strength of each specimen is summarized in
Table 2. From the load–strain relationship of the longitudinal
bars and transverse reinforcements shown in Fig. 10, it could
be seen that in all specimens as the applied concentric load
increases, the strains of the spliced vertical bars increase too,
while for the transverse reinforcement, the increase in tensile
strain with the incremental load was not signiﬁcant.
Splice length
The experimental test results available in literature for investi-
gating the behavior of compression lap splice in circular col-
umns are very rare. Leonhardt and Teichen [12] used a detail
with four longitudinal bars conﬁned by circular ties with end
anchorage hooks, and a concrete cover equal to 0.77db except
for a single test where 1.11db was used. Pﬁster and Mottock
[13] used a detail with six longitudinal spliced bars conﬁned
by a wire helix and with concrete cover 1.0db.
Based on Chun et al. [9], Eq. (6) and the experimental
results for specimens A1, A2, A3, A4 (with Lsc/db = 10), the
experimental Eq. (14) is developed.
fsc;p ¼ ð10:3þ XÞ
ﬃﬃﬃﬃﬃ
Ls
db
r
þ 10:0
  ﬃﬃﬃﬃ
f 0c
q
ðMPaÞ ð14ÞCalculated values based on Eq. (17)
Pa)
Splice
strength (MPa)
Bond
strength (MPa)
End bearing
strength (MPa)
308 308 –
302 234 68
308 308 –
302 234 68
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Figure 8 Effect of transverse reinforcement on splice length.
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Figure 9 Splice length according to different codes provisions.
Table 3 Correlation between experimental and calculated
results based on Eq. (16) for circular columns.
Circular columns results:
Specimen Lsc/db fc
0 (MPa) fexp (MPa) fcal (MPa) fex/fcal
Author
A1 10 80 349 398 0.88
A2 10 46 369 302 1.23
A3 10 80 372 398 0.94
A4 10 46 389 302 1.29
A5 10 80 375 526 0.72
A6 20 67 286 364 0.79
A7 20 46 206 399 0.52
A8 30 67 231 571 0.41
A9 30 80 244 624 0.4
Pﬁster and Mattock [13]
4A 5 30.8 345 191 1.81
5A 10 30.8 365 247 1.48
6A 20 30.25 462 324 1.43
7A 30 30.25 570 384 1.49
Leonhardt and Teichen [12]
0.35 8.8 37 253 258 0.99
0.54/1 13.5 36.8 331 304 1.09
0.7/2 17.5 43.7 264 368 0.72
0.7l 17.5 38.7 487 346 1.41
0.7eB 17.5 41.9 439 360 1.22
0.7B 17.5 41.8 337 360 0.94
0.7V 17.5 39.7 328 351 0.94
1.0/1 25 45.4 432 435 1
1.0/2 25 36.6 384 391 0.99
1.5/2 37.5 44 416 510 0.82
1.5/3 37.5 44.8 411 514 0.8
Table 4 Correlation between experimental and calculated
results based on Eq. (16) for rectangular columns.
Specimen Lsc/db fc
0 (MPa) fexp (MPa) fcal (MPa) fex/fcal
Pﬁster and Mattock [13]
3B 5 30.76 200 191 1.05
4B 10 32.53 276 254 1.09
5B 20 36.33 366 355 1.04
5B1 20 36.71 445 356 1.25
6B 30 34.56 400 410 0.98
6B1 30 31.90 469 394 1.2
Cairnsand Arthur [14]
A111 10 39.49 371 280 1.33
A301 10 32.66 332 255 1.31
B301 10 14.18 167 168 1
B301B 10 13.54 198 164 1.21
B311 10 26.46 256 229 1.12
B321 10 29.37 311 241 1.3
B331 10 37.72 378 274 1.38
C301 10 37.72 275 274 1.01
C301B 10 31.77 341 251 1.36
C321 10 14.68 173 171 1.02
C324B 10 12.15 191 156 1.23
A302B 15 33.80 336 304 1.11
A302C 15 41.01 400 335 1.2
A113 20 37.97 362 362 1
A201 20 30.25 443 324 1.37
A201B 20 41.77 454 380 1.2
A303B 20 37.34 412 359 1.15
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db
¼ fyﬃﬃﬃﬃ
f 0c
p  10
 !,
10:3þ Xð Þ
" #2
ð15Þ
where (X) is a constant dealing with the effect of stirrups. By
considering that the minimum and maximum spacing between
stirrups is equal to 100 and 200 mm, respectively, it was found
that X= 0.4 for maximum stirrups spacing (str = 200 mm)
and X= 0.8 for minimum stirrups spacing (str = 100 mm).
Based on the above, the effect of transverse reinforcement
on the splice length has been investigated as shown in Fig. 7
which showed that the variation of the stirrups volume does
not have a signiﬁcant effect on the splice length. Also the effect
of different transverse reinforcement values has been investi-
gated based on Chun et al. [10] proposed experimental Eq.
(10). From Fig. 8 it could be seen that the increase in stirrups
volume has almost a nil effect on compression splice strength.
Chun et al. [9] adopted an equation for predicting the mean
strength of the compression splice expressed as:
fsc;p ¼ wsc 0:863
Lsc
db
þ 44:9
	 
 ﬃﬃﬃﬃ
f 0c
q
ð16Þ
where wsc is a coefﬁcient dealing with the effect of stirrups
presence on splice strength.
wsc ¼ 1þ 0:084
Ktr
db
144 H.S. AskarBy examining the coefﬁcient Wsc, it was found that the pres-
ence of stirrups increases the splice strength with about 3%
only in average. This observation could also be seen clearly
from Fig. 7.
An average value for X= 0.6 as an approximation and
simpliﬁed approach was considered, thus Eqs. (17) and (18)
were developed. In Eq. (17), the ﬁrst term indicates the contri-
bution of bond in splice strength, while the second term indi-
cates the contribution of end bearing. Table 2 shows a
comparison between the calculated strengths and experimental
values, based on Eq. (17) which showed an agreement with test
results.
fsc;p ¼ 10:9
ﬃﬃﬃﬃﬃﬃ
Lsc
db
r
þ 10:0
  ﬃﬃﬃﬃ
f 0c
q
ð17Þ
Lsc
db
¼ 0:008 fyﬃﬃﬃﬃ
f 0c
p  10
 !2
P 10:0 ð18Þ0.0018-
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Figure 10 Load–strain cuThe different codes provisions for predicting the splice
length and the experimental equations adopted in available lit-
erature along with the equations proposed in the present inves-
tigation have been examined as shown in Fig. 9. It could be
seen that the splice length predicted by Chun et al. [10] equa-
tion giving the maximum splice length, while the equation
adopted by Carins [6],predicting the minimum splice length.
The experimental equation proposed in the present investiga-
tion showed a very good agreement with the equation adopted
by the ACI 318-11 [1].
Simpliﬁed equation for predicting the splice length (Lsc/db)
The effect of the splice length on the splice strength is illus-
trated in Fig. 7. The average line shown in Fig. 7 has a slope
of 1.8 and an intersection of fsc;p=
ﬃﬃﬃﬃ
f 0c
p
¼ 24: Eq. (19) of linear
relationship could be used to represent the characteristic
strength of compression lap splice in circular columns. Eq.
(19) was transformed easily to Eq. (20) as a simpliﬁed equation0.002-
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Figure 11 Relation between calculated and experimental splice
strength for circular column (Refs. [12,13]).
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Figure 12 Relation between calculated and experimental splice
strength for rectangular column (Refs. [13,14]).
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columns. The value of 24
ﬃﬃﬃﬃ
f 0c
p
was simply obtained through
regression analysis, and does not represent any physical
meaning.
fsc;p ¼ 1:8
Lsc
db
þ 24
  ﬃﬃﬃﬃ
f 0c
q
ð19Þ
Lsc
db
¼ 0:55 fyﬃﬃﬃﬃ
f 0c
p  24
 !
P 10:0 ð20Þ
The proposed simpliﬁed Eq. (20) has been checked with the
results available in literature for Leonhardt [12] and Pﬁster [13]
specimens. Correlation between the experimental and calcu-
lated results is shown in Tables 3 and 4 and Figs. 11 and 12.
The results have shown a good agreement for specimen with(Lsc/db) 6 10. The equation has also been checked for speci-
mens with rectangular section available in literature. The cal-
culated results are reported in Table 4 and Fig. 12 from
which an acceptable agreement with experimental results is
observed.Conclusion
In order to investigate the behavior of compression lap splice
in circular columns, nine columns with different Lsc/db ratios
and transverse reinforcement volume had been tested under
axial compression up to failure. Also, the effect of end bearing
had been investigated for two specimens. All the spliced rein-
forcements were in contact and the concrete cover was con-
stant (20 mm) for all specimens. Based on the test results,
design experimental equation for predicting the compression
splice length had been developed. On the basis of the analysis
of test results, the following conclusion can be drawn.
1. The failure mode was splitting failure for most tested spec-
imens with Lsc/db = 10 and the failure occurred within the
splice range.
2. For columns with spliced bars Lsc/db > 10, the failure of
specimens occurred away from the splice range in a com-
pression mode, which means that the splice length Lsc/
dbP 10 is safe in compression.
3. From strain measurements, it could be seen that, as the
applied load increased the vertical steel strain increased
too. Also, for any load value the bars measured normal
stresses in the splice zone increased as the instrumented
point moved away from the end of the bars. Also, it could
be observed that the end of bars strain (S2) displayed a less
increase in the measured normal strain with the increase of
the applied load and the difference in bar stresses at the
measured points S2, S3, S4 found almost to be not signiﬁ-
cant for spliced bars with Lsc/db > 10.
4. Based on the test results, an experimental simpliﬁed equa-
tion is proposed for predicting the splice length. The pro-
posed formula showed an agreement with the results of
tested specimens, and also with the results available in liter-
ature for both circular and rectangular columns.
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